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y^^mit. (LED) , tH^^;^_K (LD) fe5V^li({il 

(D^'fy'^u^. ^<^-r'^u :^fj:t'i-mm^h.^^^m^mi^m-7- (in, a 

lvGa,.,.,N. O^X. O^Y. X+Yg 1) {dl^l-^, mz.. GaNm^^m^^ 

M^i^. ^^m^mt. Jap. J. o f App 1. Phy . i c Vol. 
3 7 (1 9 9 8) pp. L 3 0 9-L3 1 2 G a Ng^g^^ ^^/tmt:^^ 



iEMl±, G a N5^(cji:^g-rS^i^M®©^.I^5l^^;§:G a N J; ^,/J^ 

i|Afl^?I#.ig:255GaNi;l9t,/h^/^^^^ffM^J^,i^ Al.Ga.^N (0<a^ 
1) ^^V^-5- t;5W*LV\ AI.Ga,.^Nc^|^«#,^C^fg|iGaNSfe(C 
tt:-^T^^/h$<, ^^c. GaNS«±ldS$?/^iJgBl<t LT^^5cg$-a:a^:t:^5T' 
K^. I nGa N^.'^f.^a-ft/^. ST/A 1 ^^^^fi-Sp^i^ K«^;^-r-5r 



G a Nrnmi^t^-r^^^m^sim. m^itA i .g a ,,.n (o < a ^ i ) m^i. 

(c ) fiiJgH^ 1 co^»^^^i>:^coiiiC#^^H^G a N®$r^;S LTG a N£;te^ 

Si. GaN. f-7 7^7-C7?^J^!I^^,i[^#^, f f i,t-t^t. 
c < s,<t ,CD:h:/hmi%*^h^o S i C|S^S±|C:G a N§r^i5c;g:$^/c:^^. G a 
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I^K G a NS&±i:iG a N^fiS^g^-t^^^-g-l^llS. fiJc:^ ^it/cG a N|C?( 
'0'^^h\>WM^^-\:>t-^t^^X\^fi\^\TrXh^t^. E5c£$-tt/cG a NjClf^imiW?:^ 

20 LV\ m:^fa]fi£Sigm?ri^5^<t(^«t'9Ga N^ij$H'|t?^^(7)ef£C0it^T255ffl]ffifJ5? 

25 J. J. A. p. {'l2«$HT>/^6 J; ^'J^S i Oj^^l^TG a N®^;^f6]^^ 

Si^g::-r;^?i(^rtli(c, uspo9/2 02, i4i, #r^¥i 1-31282 

5 fSI 1 1 - :^ 4 0 5 0 8 1#JS^ 1 1-37827, T^ll 1-378 

26, f5]ll-l68079, [5I11-21S12 2 ^-^cD0;5^S??{Ctg^ t C 
V ^ -5 E L O G txi^'ftfe ^ffl V > -5 ^ <!r 735 T ^ 5 o 
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^T-t. #0^1 1 - 3 7 8 2 7-l-P^iM#{'S^Lfc:^&$rfflv^?» r iit/if* 
20 ^l^^^ir-r ^ ^{k^^^i^^ t 5 G a NS«^ LT^ V ^5 ^ 
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10 Fig. us. G a N^tSc75fiiitXli^--7^-rti5^6^KffSElT'fc^c 

Fig. 2}^. GaNm^^F 1 g. 1 iri^< iliitXS^^xj^-t-m^&^^ffiEl-C- 

Fig. 3 IS. GaNE^COF i g. 2 \cWi< M^^T-U^ ^^-Tm^m^^mX^ 

15 Fig. 4fJ:. GaN^tS'^Flg. 3 i3^.< i^itXm^^i-m5^6^j™i21-e 

Fig. 5fi, :^^m(^-M^mmxh^mim^mi^^—f^'?-^^^i~^ 
Fig. 6 A~Fii. y yi^nm<^^ h y ^ y^m^-t^jiu^^^-rwj^m 

20 ffiHT'fc^o 

Fig. 5li. ;^JSI?^{-^^-5^m#J*#^*^^6^-^J^^-t"^a"EIT'fc'5c G 
aNS^3 OcD±i^, ^f^^fi)c-r6^c^^^^M^k^¥^^^75^b^^?^^■ 



1^RA-X^^^Z^tm±L^\ M^ti\ Al.Ga,.N (0<a^l) tm±L<. 
<t 'O L < fi a <Dm.:d^ 0 < a < 0 . 3 X'^j V , Ml-^:^ L < li a OflS:7>5 0 < a 
<0. lX'hi>. A I ,G a,.,N\tm^J:i:^y ^y^^m±-ri,cD\Zii?-t.L^^m 

>rLxw-imz Lxt^^mm^M(7)A^^^^mtwm^m^m^-r^ tmm 

G a NS^j: '5«?ifl^^.^^7)/^$V^^i^?^^e, 0-J;t(fA 1 .G a ,_.N<73jIgi?: 

if.tT±t2iii?o^[art-eiiij?^M-rSo Fig. 5 

nM®fe2 1 ^ott^/ctoOr^:/^^ Lr^ggL, ^<D±.\Z.^ A 1 ^"g"^ 

yy Ym'dtW^l^'i^UX^M^^-^tm^^f\^X\^^, . 

Fig. ^\Z.7v^-^'^\Ym^-tM^,'i-\^^^^X\X. G a OilJgrS^i^ 



8 



A 1 .G a,,.N=i>^i:7 2^ff^fi2L-CV^^, r CO J; p IdT K-7"<7? n SiA 
l.G a,.,NS 1 K-:/LfcnMA 1 .G a ,..N^£jc:^ ^-^-^ . I«[ 

l.G a,^N^:/^i^ hill (i. ^<:y77lO<fc 5/<^f^ffl^^ia#^XV^5, T 
1^. GaNStSlCg^-r^»^i^ff^fiJcll(7:)±i'n§^m*i2 1 ^iS^ff^^-t^^^ 

^53 o±t^^^:&$^So nm^m^<D y-7^mtLx\i. $f^L< i x i o" 

GaNS^gs olf;^v^€)::<^lcii9. 5^^ff^^5cli 1 - 1 0 {:::feit^te(i£D%4^^ 
LV\ ^T. Fig. i f^.Tt-fJ; 

StSl 1CD±('. Ji^/^/>5/7 7S?r:frLTG a N^XflA 1 G a N^^tT^^'ft: 

i^^^i^l^^i 2^?i5^«-r5o SSSi£<i: LT{±, 0iJxli\ t^:77^T. s i c, 

cDWdbf^^ Fig. 2i'/T:1-J; ^IC^fk^ii^i^f^^l 2^^^rJ:5(^?fMtTt 
$ ^.{^^^t:i^4^i^M 1 2lr^iiLT|^^Ml 1 c^— ^rB^-r^^-r^. J: 

icj: fi^J/j>^-t^;^f^fiX:5-r5G a N^^^=c^p/.^f^-^1-^.^53^l::^5it^;i^EfHcos 



1 2 i G a N ^ G a 2^tSit<!: LT. A 1 G a N^-^^j^^-Tat^^ 
^T^ma^JfmLXh^^\ ^LT. F i g. 1 g. 4(vl77^-rj; ^ic. 

1 2(^lM]a5rS-:)T^i^^G a Nl 3^^:^$ii:-5. CI 0 LX^- 

G a N£^3 0 ^^S^Sl 1 ^m-rm^. G a N£;E3 OCO^^^h^G a N 

;^ ^^ it ^ M i^ifiJcg- $ ^ s c <t ;55 -e * .5 o 

0;zm-efe'9, i if ^ L < 1 0 0 ~ 3 0 0 /i mT-fe-5o G a. N^^COfi^f^t^ 

^^H^eGaN®! 3 ^HV P Efig:g{' J: o-CI?JK{-i;ijc:^$-y:5 (lEgcD^^*^G 
aN^:g:) „ ^^^G a 1 3<^±|CS i O ^/^ft^^/j:^^ 

S:MOCVD?£{^i;oT^^::^fp]i::/$S$-li-5 (2t5]g(7J)^J*^aG a N^g) „ ^ 
M=Kl 1 ?rl^£-r5^-g-lrii, 1 Ie]@OG aN^jiiSHU 3 o 
i-^T5 ^ir/i^'^f* LV\ Sfc, 1 rae^G a NW^^l 3cOfig:g;4J^i^^ofcm. 
^y7->^'^^oT^®$: ^ta^i: L ^Ji (' 2 [h] g G a N ^ ?T -3 T t) 
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Mx.tt"A 1 .G a,..N^^/5X^$i^5r <i:(r J: 19 , Wimj:^:^ y 1^ 

m'Ft}K A 1 ^^^-r^ n^^ ^ -y K«, I n G a N^^tff&ti^. ^U>'A 1 ^ 
^^■t^Zt\^^^. G a NS^|C^i-^3^^JfM)icO#iifi^^^|gc§rG a N J: 

5^ <i:;i5x-#^, i^'.^-S^fb^^^f^^/jSSl'fi, MOVPE (W^ 

^Jg^ta^;^^) MOCVD , HVPE (y^y^h' 

^^^sfe) , MBE (i^^m^n^mm) mm^mi^^^M^^^(^i:i 
[^mi 1 ] 

(G a NSt5cOi^it*-j£) 

Fig. 1-F 1 g. 4 (C7J^^i^TV^5^X?£iIr■L'oTG a xNS-(5-$rMii^Lf-„ 
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iZG aNX^^f:^^<^y^7M ([a?F<^ tvTV^/<^V 0 2 0 0 h a — ^ 

1 0 5 0°C\Lfl-^tclb. WM:ff:^i^TMG. 7>^-T^ffiV>, t:/K— T^CDG 
a N J: 19 fi^%\(Dmt^'^'^WM 1 2^2 p m(^mj?T'^;g:$-ti:/^ (Fig. 

1) o 

^i/^T. R I E^gi^J: "9 S i OjR^cOJfM^nXV^/^V^gC^a'^c^^lcomt^^ 
2 1 (^^{1:4^4^^^ 1 2;65^'£aglCii4^^T*:ii-;/5^V:/LTIM]a 

mmmz.%\(omm^m^\'2.^^)^^^i':L (f i 

g. 2) o Fig. 2(D^0\zm{h^'m^\^fz/<^. '^hU^U'DS \ O^^m^kX. 

0 /z mC730;f:-C-fife:g^^/-' (F i g. 35:t/Fi g. 4) » 

Y—Zf<DG a NJ; "P^^^-SG a NS^gS 0 ^^^/to r (7)^§^i^;^cG a NiSiSS O;0» 

$H6J:e)r, TfB<^7^^^^ ^^^?r;Sfi$-a:f:io G a Nt!)^ ib^^^^StS 3 0 

/lliii^^s 0 0 M m-es>o/:i„ 
(r ^ K-:/n V^J' 1 : A 1 .G a j..N) 

G a N£;K3 o_hl^. 1 0 5 ot:-c/^jfsf;^/;^irTMA (h y ^^yi'T/^^-i:? 
A) , TMG. ri^^^ri57.^m'^Ti^v--f(DiK\ ,,^G^,,,,i^^'oti^r 
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^Mi^yi;^i^v7>;y';^ (s i Hj ^^\^\ s i $-3 x i o'Vc k-t'l 

-a-i:^-. ii|2'^J: 5(^Ty K-7"nM^i^i5^i^ l ^^feS^-t^:5w<hi^ct 
10 ^ y:^'^ltm3) 

5.r/T>^^T^fflv^. ^M<fe;t^^i'v^>;tf;^^/Sv\ S i 5 x i 
15 inm^yyVm^) 

i^&^i oscacLX. j:^;|sf:^;^{^TMA, tmgsi/tv^-t^t 

i ^ 5 X 1 O'Vc m'K— T'LTtGa N J: ^?/<^5B@^l: 2 5;^"^^';^ hn-^co 
20 mn-X^^^^tz, ^LT, rwja^f^^^nmi 6 OS^i^J^LTA^^ 

25 G a NJ: 19 T'^a nS;*f-l' K^^O. 0 7 5 m m(7?J!g-l?-C^fi$-^/c. 

^1', M;^8 0 0°CI^LT, J[^:^s|;y^l'TM I . TMG2;it;JT>^-r^ffl 
v\ ^n^:fJ:^tLX'^7>JJ^^^^\ S i ^ 5 X 1 O'Vc m= K— rLi'cI 
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( p Kg 8 ) 

>- K-:/(^G a N J; 1? /j:^ pS:i/Y K/i 8 ^ O . O 7 5 ;u m(DmmX'S§.&^^tc. 
^^^T. TMA^jhfe. ^M^^;^?';^<ir LTC pjMg ^^VN, Mg^sxio'V 

c m= K—:7° L^cG a N J: 19 B^^ 2 S^V;/"^ h ^ — J^comW^X^^m^it 
ft. ^LT. w^^f^^^H^'^xi 0 OHliOigtXA^tB^ir^^l^L. 
J^^5 0 0 0;^>^;^ Kd-Acd#^«^ (gl^^-^it) J:^?/^5pMi7^?' Kig 

(pSin^-^^ 1 0) 
LTCp,Mg^^V^, Mg?rl XI K-i/Lt^cG a NJ; t>/dr5 pM 
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iJ^) ^m^^ii i I Fig. 5 iZ.ff^-r X ^ 

pvommiz^^. Si mit^ c^^lt, sio,) xK)^£^mi(D^mjf^6 

Fig. 6 BI^^F-r J: 5 1-^3 0{^tii^ 6 3 ?fM^. RIE 

v^'?KT-*3;SLT:7;f hco^^^^^-r^>::i:l3J: Fig. ecic:?!^ 

Fig. 6D('7F-rJ:5(-, h-7i'rt*:omi cZ)(^^M6 

y VM9^:^^y^>^^LXs 7hv^7°iifil. 8 u m(0 V y iyB^(D^ h y 

V yi^:^ hy^:rmp^'^. p VD^gtc^itL. Fig. 6 E (oi^ 

C75i^^)!^6 l(D±t. :r.^y^y^\cX\)miH^titcpmi^ y y 9 0±|r 0 . 
5/i mCDm;?r'ii^L-C^^L7'c„ ^K^Jrpl'Z r®f{t;^S:^^^^i--5<b^ p-n 

2)<;li. L, Fig. 6 FJC^-Tct^i^. BK^i^Hm 

6 1 Iry :7 h:tymz^^^^^Ltz. 

i!k\z. Fig. 5j^7Fi-i:9t-p{liJ^:/i5'^ K/i 1 oco±comi£D-(^aiM6 1 
di|^5fe^nTSaiLfc^cop{fl!)=>'^i5' h^(7)^m\Z^ I yAu X^^Ji^pM^ 

7f^irx^\z. m2comm6 2cD±izm^xw}^Ltz. 
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^2^i^iffijK6 2?^ei^f^. Fig. 5ll/T:^n-5 J: 5lC||W$-ttr-n{ttij3>'^ 
^(Dj^^v ^?a{C^oV^T L#VHi:2. 5kA/cm^ L ^ 1/ ^iltmiE 5 V T\ 

3 J 
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^ CO ^ ^ 

5 - SiJlEA l^Ga, N (0<a<11 By,s . >, ^ ^ 
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W * 

m^^sG aNm^'p^i< th^^i^^r^G aNm^s o(D±\z^ ^im^^m 



